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ABSTRACT 
Construction Science and Management (CSM) students at Clemson University 
took a self-assessment survey to determine their preferred learning style to determine if 
their preferred learning style is correlated to their GPA. Also, both CSM students and 
instructors took a survey on course methodology to determine if their perceptions of 
course methodology were congruent. The results of these surveys and subsequent 
analyses were insignificant, and because of their insignificance, they did not factor into 
best practice recommendations for online course design and delivery for construction 
management. The greatest contributing factors for best practices in online course delivery 
in construction management came from prior research in cognitive load theory, the 
community of inquiry framework, and universal design for learning.  
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INTRODUCTION 
 
Online education, often referred to as distance education, is being used to meet 
the growing demand in higher education while increasing competition among universities 
nationally (Seaman et al., 2018). Online education is also providing opportunities for 
working adults to obtain specialized education certificates and college degrees previously 
unattainable with traditional, face-to-face curriculums. The flexibility that online 
education offers increases the potential student base and expands the reach of higher 
education institutions (Allen & Seaman, 2007). Jeff Holms, the University of North 
Dakota’s (UND) vice provost for online education and strategic planning, believes that “ . 
. . you have to have a ladder for people to climb,” as he describes UND’s online 
engineering program that offers everything from a certificate to a doctoral degree (Mook, 
2019). Clemson University (2019a), like many others, has embraced online education, 
which is evident in their vision for the platform, which states: 
Clemson University will develop nationally competitive, select, online education 
offerings that complement its premier residential programs, thereby making the 
Clemson experience accessible to a new base of Clemson students. 
Overall enrollment in higher education dropped 3.2% over the three years 
between 2012 and 2015, while the proportion of students taking advantage of online 
education increased by 11.0% (Seaman & Seaman, 2017). The National Center for 
Education Statistics (2018) expects higher education downward enrollment trend to 
reverse and remain steady at a positive 0.3% over the next couple of decades, and 
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enrollment growth in online courses will continue to outpace traditional on-campus 
learning over this period. These trends come at a time when the business of higher 
education is increasingly challenging due to substantial decreases in state funding, 
increases in tuition, and increases in the demand for professors to conduct meaningful 
research and be published (Mitchell et al., 2016).  
Part of the problem of creating effective online education may stem from the fact 
that few professors are trained as educators (Fernández-Balboa & Stiehl, 1995) and 
significantly fewer as online content creators. Creating content for an online course 
requires a different set of skills than preparing a course to be taught in a classroom 
(Kaplan & Haenlein, 2016). The learning outcomes are often the same from the 
classroom to online, but the approach must be tailored to the delivery method. Online 
education students have certain expectations based on prior experience, usability, 
entertainment value, and support when engaging in online activity (Sims, 2003).  
Content and delivery must also take into consideration current pedagogy, an ever-
changing field that offers methods and practices that should be incorporated into online 
courses to maintain efficacy. The difficulty associated with creating online course 
content, the lack of understanding of current pedagogy, or both may be limiting the 
effectiveness of online courses. Developing effective online courses begins with an 
understanding of the existing evidence-based best practice research, but it also includes 
an understanding of the students that will be taking the course (Nilson, 2010).  
One way to get a better understanding of the students is to look at their preferred 
learning style. Learning style research is abundant in most academic majors, yet learning 
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styles research in undergraduate construction management curriculums is limited. 
Abdelhamid’s (2003) research on the disparity of construction management teachers’ and 
students’ learning preferences is one such example, but the study did not determine if 
there is a correlation between students’ preferred learning style and their grades. A strong 
correlation of learning styles to grades could suggest that learning styles may affect 
learning. In addition to student learning style preferences, student and instructor 
perceptions on course delivery and requirements may also provide insight for 
instructional design if those perceptions differ significantly.  
The goal of this research is to develop best practices for the design and 
implementation of online construction management courses. This research will use an 
analysis of students’ preferred learning styles to their GPA, and a review of course 
delivery and requirement perceptions to determine if modifications to evidenced-based 
practices are necessary.  
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LITERATURE REVIEW 
Overview 
The topics presented in this research cover broad areas of education literature. A 
synopsis of online construction management education best practices is the goal of the 
research, and a review of literature on learning styles, online learning theory, and other 
best practices is necessary to reach a meaningful conclusion. The literature review begins 
with the concept of evidence-based education because best practices are selected based 
on its premise. Learning styles follow because it forms the basis for our understanding of 
how students perceive they learn and the effect that the theory might have on online 
learning within a construction management curriculum. Finally, the literature review 
focuses on research that guides effective online education. 
Evidence-Based  
Evidence-Based Education gets its roots from the medical industry with one of the 
first references appearing in the Journal of the American Medical Association in 1992 
with an article titled, “Evidence-based medicine. A new approach to teaching the practice 
of medicine” (Guyatt et al., 1992; Claridge & Fabian, 2005). Davies (1999) describes 
evidence-based education as high-quality research that has scientific validity and 
emphasizes that there must be a support of relationships between variables through 
correlation analysis. Learning styles research in construction management education 
lacks examination of the correlation between learning styles and learning focusing 
instead on student perceptions (Pashler et al., 2008). 
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Learning Styles  
The most common and widely-used learning style theory is the VAK model that 
consists of Visual, Auditory, and Kinesthetic (VAK) (Deborah et al., 2014).  Deborah et 
al. (2014) attribute the VAK model to Flemming yet Flemming himself attributes the 
VAK model to P. Stirling (Flemming & Mills, 1992). Still et al. (1979) are the first to 
mention the modalities of visual, auditory, and kinesthetic. The theory, as explained by 
Willingham (2005), says that students learn best when they can learn using their preferred 
method.   
The Learning Styles Theory is so pervasive that researchers have examined the 
subject in almost every field of study ranging from medicine to physics. The extent of 
most Learning Styles Theory studies is to classify students through self-assessment and 
then fail to conduct experimentation or analysis that uses this data to affect learning 
(Cassidy, 2004). The lack of research into the efficacy of Learning Styles Theory and 
confusion among practitioners are common issues with the theory (Cassidy, 2004). The 
2004 report, Learning styles and pedagogy in post-16 learning, A systematic and critical 
review listed 71 learning style instruments and theories and examined 13 of the “most 
influential models” and came to a similar conclusion (Coffield et al., 2004).  Pashler et al. 
(2008) concluded that learning styles theory lacks evidence to justify its use in general 
education. 
Online Education 
Online education continues to grow at a rapid pace, and according to a U. S. 
Department of Education report (2010 (2009)), online students learn moderately better 
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compared to their face-to-face counterparts. Ratings of online education have increased 
over the years (Kim & Bonk, 2006; Elaine et al., 2016), but there is still room for 
improvement. Three theories or theoretical frameworks are mentioned often in reference 
to improving online education. They are Cognitive Load Theory (CLT), Community of 
Inquiry (COI), and universal design for Learning (UDL). CLT addresses how to manage 
content to deal with limitations on working memory (Paas et al., 2003), COI addresses 
the importance of interaction in the process of learning (Garrison et al., 1999), and UDL 
addresses the need to make educational content accessible to all learners, especially those 
with disabilities (Rose & Meyer, 2002). A discussion of these theories follows.  
Cognitive Load Theory 
Cognitive Load Theory explains the limits of working memory and the impact on 
learning when working memory is overloaded (Kalyuga et al., 1999). There are three 
cognitive elements classified as intrinsic, germane, and extraneous (Paas et al., 2003). 
Intrinsic cognitive load deals with working memory capacity allocated to the material 
being learned, germane cognitive load deals with the schemas the learner uses to develop 
understanding, and extraneous cognitive load deals with instructional content or delivery 
(Paas et al., 2003). The cognitive loads are additive; therefore, a reduction in extraneous 
cognitive load provides more working memory for intrinsic and germane cognitive loads 
(Paas et al., 2003).  
Extraneous cognitive load is often the result of poor presentation, design, or 
procedures of the learning materials (Wang & Antonenko, 2017). For situations with high 
intrinsic cognitive load or low germane cognitive load, extraneous cognitive load can 
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inhibit learning because the overall cognitive load is beyond the limits of working 
memory capacity (Wang & Antonenko, 2017). Mayer and Moreno (2003) describe nine 
techniques to reduce cognitive load for five different scenarios in multimedia learning by 
relying on several assumptions of how the mind works:  Our brains are wired for dual 
channel processing, audio and visual; our brains have limited processing capacity within 
each of the channels; learning requires substantial processing in each of the channels.  
The techniques range from “Off-loading,” or to move content from one channel to 
another such as text to narration when the content also includes a video or graphic to 
“Signaling,” a technique accomplished by using highlights, arrows, outlines and 
indicators when extraneous load elements cannot be reduced (Mayer & Moreno, 2003). 
Experimentation by Kalyuga et al. (1999) found that splitting learners’ attention between 
elements such as text and graphics may inhibit learning, and dual-mode presentations 
increase effective memory capacity by using both auditory and visual channels. 
Community of Inquiry Framework 
Garrison et al. (1999) developed the COI framework to provide the interactive 
elements in online education that students naturally had in the classroom. The framework 
states that learning occurs through the interaction of social presence, cognitive presence, 
and teaching presence (Garrison et al., 1999). Table 1 outlines the categories and 
indicators of the three presences (Garrison & Arbaugh, 2007). 
Table 1 
Community of Inquiry (CoI) elements, categories, and indicators 
ELEMENTS CATEGORIES INDICATORS 
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Social Presence Open Communication 
Group Conversation 
Affective Expression 
Risk-free expression 
Encourage Collaboration 
Emoticons 
Cognitive Presence Triggering Event 
Exploration 
Integration 
Resolution 
Sense of puzzlement 
Information exchange 
Connecting ideas 
Apply new ideas 
Teaching Presence Design & Organization 
 
Facilitating Discourse 
Direct Instruction 
Setting curriculum & 
methods 
Sharing personal meaning 
Focusing discussion 
Note. Reprinted from Researching the community of inquiry framework: Review, 
issues, and future directions by Garrison & Arbaugh, 2007, Internet and Higher 
Education, Volume 10, page 159. Copyright 2007 by Elsevier.  
 
There is extensive research on the COI framework, as evidenced by the thousands 
of cites1 of Garrison et al. (Garrison et al., 1999) and Garrison & Arbaugh (2007), but the 
research often focuses on student perceptions and not learning outcomes. Barnes (2016) 
provides us with a thorough, well-cited review of the COI literature, including Rourke 
and Kannuka’s (2009) work, which is doubtful of the COI effect on learning. Preisman’s 
(2014) also offers a counter view of COI through her limited research that concluded the 
time and effort to create a teaching presence did not affect student learning.  
Related to COI is creating teaching presence in instructional videos. Wang and 
Antonenko (2017) found that students' ability to recall information from an instructional 
video for an “easy” topic in mathematics was significantly better when the instructor was 
present on the video but was insignificant for a “difficult” topic and for transfer on both 
easy and difficult topics. Wang & Antonenko (2017) suggest that the instructor presence 
 
1 Cite data provided by Google Scholar, November 2019. 
9 
provides nonverbal communication cues that can support the cognitive processing of 
verbal information.  
Universal Design for Learning (UDL) 
Universal Design for Learning is a framework for curriculum design that 
incorporates flexibility in the materials and methods to “include a range of options for 
accessing, using and engaging with learning material – recognizing that no single option 
will work for all students” (Hitchcock et al., 2002). The appeal of the UDL framework is 
that when applied to a course, students with disabilities may access the course without 
adaptation, and non-disabled students have a variety of ways to access the course (Dell et 
al., 2015). 
Rose & Meyer’s (2002) theory on the three learning brain networks, recognition, 
strategic, and affective, form the basis of UDL. Rose & Meyer provide us with three 
principles of the UDL framework, listed in Figure 1, and suggest that varying the means 
of presentation can reach more students because our brains are different. 
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Figure 1  
Principles of the UDL Framework. 
Principle 1: To support recognition learning, provide 
multiple, flexible methods of presentation. 
Principle 2: To support strategic learning, provide multiple, 
flexible methods of expression and 
apprenticeship. 
Principle 3: To support affective learning, provide 
multiple, flexible options for engagement. 
Note: Reprinted from Teaching Every Student in the Digital Age: Universal Design for 
Learning (p. 75), by D. H. Rose and A. Meyer, Alexandria, VA: ASCD. Copyright 2002 
by the Association for Supervision and Curriculum Development. 
 
Meyer & Rose (2006) describe the three principles of the UDL network as the 
“what,” “how,” and “why” of learning. The “what” consists of recognizing patterns, 
concepts, and relationships, the “how” consists of generating patterns and developing 
strategies for action and problem-solving, and the “why” consists of affective networks 
that motivate, guide, focus. (Meyer & Rose, 2006).  
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METHODOLOGY 
Survey Development 
Learning Styles Survey 
There are many types of learning style theories with a wide range of complexity, 
and the questionnaires that establish individual learning styles are equally wide-ranging. 
Deborah et al. (2014) explain that the most common and widely-used learning styles 
model is the Visual, Auditory, and Kinesthetic (VAK) model. The researcher used the 
VAK model for this study because of its extensive use and the ability to find results in 
other fields.  
A search of the literature for prior research that utilized the VAK self-assessment 
model produced many cases including ones in criminology (Tudy & Tudy, 2014), 
English as a foreign language (Gilakjani, 2012), adults with learning difficulties (Lisle, 
2007), medical and surgical students (Anbarasi et al., 2015), and nursing students 
(Fearing & Riley, 2005). Unfortunately, the self-assessment tests were different for each 
study, and it became apparent that there is not a standard VAK self-assessment test.  
The “Learning Style Survey” (Cohen et al., 2016) (See Appendix A), was selected 
for this research because of its use on the Tudy & Tudy (2014) criminology study and the 
generous copyright permission provided by the Center for Advanced Research on 
Language Acquisition (CARLA). The Learning Style Survey (Cohen et al., 2016) 
consists of thirty statements, ten in each category of visual, auditory, and kinesthetic. 
Responses are a Likert scale from zero to five on how often a statement reflects the action 
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of the respondent to the statement. The options are 0=Never, 1=Rarely, 2=Sometimes, 
3=Often, and 4=Always (Cohen et al., 2016).  
Course Methodology Survey 
Survey questions on course content were inspired by Bernold’s (2005) research 
on students’ views of whether specific teaching practices were effective or ineffective. 
The focus of this research is on the congruence of students’ perception of the amount of 
time spent using various classroom modalities with that of their instructors. Bernold 
(2005) measured the students’ responses to questions on reading in textbooks, 
participating in class, additional research, oral quizzes, tests reflecting homework and 
example problems, working example problems in class, and well-organized lectures.  
Survey questions on course methodology (See Appendix B) were developed that 
asked the students and instructors how much time is spent in the classroom on lectures, 
questions and answers, discussions, working through problems, and demonstrations; what 
tools were used in the classroom with choices of PowerPoint, whiteboard, lightboard and 
other; and time required for additional work outside of the class on reading textbooks, 
reading handouts, watching videos, individual projects, and group projects. Additional 
questions, not used in this research, were added to the survey to solicit feedback on the 
use of graduate students in the class and labs, changes they would like to see, and needed 
resources. 
IRB Exempt Approval 
This research involves human subjects, instructors and students, which requires 
adherence to the Family Educational Rights and Privacy Act (FERPA) and an 
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Institutional Review Board (IRB) approval. Furthermore, this research qualifies as 
“exempt” because the research occurs in an established education setting and involves 
instructional techniques. An IRB application was completed, submitted, and approved 
before the distribution of the survey.  
The IRB Exempt Determination required participant consent, which was built into 
the survey instrument. An abbreviated consent explanation was used on the survey form, 
and a link provided to a comprehensive consent explanation that also included the study 
purpose, risks and discomforts, possible benefits, protection of privacy and 
confidentiality, and contact information. 
Survey Instrument Selection 
The survey instrument selected for the research was QualtricsXM, without 
consideration of other tools for two reasons:  One, Clemson University’s Qualtrics 
license permits its use for this research without additional cost; and two, Qualtrics has the 
functionality required to build, test, and distribute the survey according to the 
researchers’ design intent which includes email distribution and follow-up, logic 
workflows that modify and skip questions based on prior answers, the ability to download 
and manipulate the response data, portable device optimization, and automated survey 
analysis to determine confusing questions, accessibility issues, and survey success. 
Survey Creation 
Qualtrics was used to create two surveys, one for the students that included 
learning styles and course modality, and another for instructors on course modality 
without learning styles. The first page of each survey provided a summary of the survey 
14 
to give participants an idea of what to expect. The second page of the survey asked the 
participant to consent to the survey by selecting an appropriate button. A selection of 
non-consent terminated the survey. A consent selection provided a new page that 
required the participant to digitally sign (type their name) and date their consent. The 
survey would commence upon the successful completion of consent.  
A Qualtrics preview was performed on the surveys by the researcher to test the 
questions and logic. A cycle of error corrections and previews continued until all known 
errors were corrected. An instructor received the final draft survey through a Qualtrics 
distribution as an ultimate test before survey distribution to the sample. The instructor 
indicated that the survey functioned well, and they had no recommendations for 
improvement. 
Sampling Frame and Sample 
A complete list of active undergraduate students in the spring of 2019 with their 
email addresses and overall grade point averages (GPA) was obtained from the Nieri 
Family Department of Construction Science and Management (NfCSM) and saved in an 
encrypted excel file on a BitLocker encrypted USB flash drive. The sampling frame is all 
208 undergraduate students in the list, and the study sample included the entire sample 
frame, but two students were omitted later because they did not have a GPA. The USB 
flash drive containing the data remained in a locked office at Clemson University at all 
times.  
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Distribution 
Two new contact lists were created in Qualtrics, one for the instructors and 
another for the students. The instructors' and students' names and email addresses were 
imported into these contact lists, respectively. Using the Qualtrics survey distribution 
functionality, the surveys were distributed to NfCSM instructors and students. The 
Qualtrics administrative home page provides information on the number of responses and 
response trends that were used to gauge timing on subsequent reminder emails. The 
instructors were responsive to the survey and no reminders were necessary. The Qualtrics 
distribution functionality was used in approximately two-week intervals to student non-
respondents to increase response rates. There were only 61 useful responses at the end of 
the 2019 Spring Semester. In an attempt to increase the response rate for the self-
assessment survey, the course modality questions were removed from the survey during 
the 2019 Fall Semester, and the survey was distributed to previously nonresponsive 
students. The Fall 2019 survey distribution resulted in sixteen additional responses.  
Data Collection and Organization 
The text and numeric forms of the survey response data were downloaded from 
Qualtrics as Excel files and then combined in one Excel file on separate worksheets. 
Qualtrics assigned a unique code to each response, and that code was entered into the 
student data stored on the encrypted flash drive described previously. The columns, 
RecipientLastName, RecipientFirstName, RecipientEmail, ConsentName, and Follow-up 
email, were deleted on the Excel spreadsheet to remove all identifying information. 
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Student class standing2 and GPA information were copied to the appropriate record in the 
data for analysis within the statistical analysis software (SAS). The following steps were 
taken in Excel to produce data useful for statistical analysis within SAS: 
1. Create random number identifiers for student records that did not respond to 
the survey to create a unique identifier for each record. 
2. Take the course response data, which appears as one line per student and 
convert it into one line per student per course. 
3. Remove incomplete data and data for students without a GPA. 
4. Copy the survey data on self-assessment to a new Excel file and save it for 
importing into SAS. 
5. Copy the survey data on courses to a new Excel file and save it for importing 
into SAS. 
6. Import the Excel files into SAS libraries. 
Another Excel spreadsheet with student GPAs by class standing but without 
identifying information was created using the entire sample frame for statistical analysis 
of the population of students at the time of the survey.   
Data Analysis 
The Learning Style survey instructions on the Choen et al. (2016) survey were to 
sum the points in each category and “circle the higher number.” When the higher 
numbers were close, both numbers were to be circled, yet the survey did not define 
 
2 Class standing is the academic year of the student as represented by the terms freshman, 
sophomore, junior, and senior. 
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“close.” An Excel column was added for identifying the highest number, except that 
“close” values were not considered equal. Additional Excel columns were created to 
normalize the data (Ott & Longnecker, 2016) by dividing the individual scores by the 
sum of the scores to negate issues with student interpretation of the degrees provided on 
the Likert scale. For example, a student that scores 28 on visual, 25 on audio, and 19 on 
kinesthetic is equivalent to a student that scores 19, 17, and 13, respectively. Both 
students in our example have normalized scores of 0.39 and 0.35 and differ slightly on 
the kinesthetic score at 0.26 and 0.27, respectively. The goal in normalizing learning style 
scores was to remove variability in the data for more consistent comparisons to GPA.  
Various models were constructed in SAS version 9.4 for data analysis. The 
general linear model procedure (proc glm) was used to determine significant differences 
in GPA between different learning styles and class standing. The 2-sided t-test procedure 
(proc ttest) was used to perform pairwise comparisons such as that between the sample 
and population GPAs. The Pearson correlation model procedure (proc corr pearson) was 
used to determine if correlations exist between the learning style scores and GPA. Data 
transformations3 were performed on both the learning style scores and GPA to determine 
if correlations exist with the transformed data using the Pearson correlation procedure.  
 
 
3 Data transformations were inverse value, square, square root, logarithm, inverse, and square root 
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RESULTS AND DISCUSSION 
Population and Sample Comparisons 
77 of the 206 students submitted complete responses to the learning styles 
questions, and 58 of the 206 students submitted complete responses to the course 
modality questions for 18 of the 18 NfCSM courses. 8 of the 13 instructors submitted 
complete responses to the course modality questions for 13 of the 18 NfCSM courses. 
There is evidence at a significance level of α = 0.05 (t-value = -2.08; p-value = 0.0387) to 
conclude that the mean GPA of the student respondents is higher than that of the 
population of students (See Appendix C). A review of the literature appears to support 
the phenomenon that students with higher GPAs are more responsive to surveys (Porter 
& Umbach, 2006), but Porter & Umbach’s (2006) conclusion appears to be based on 
Dey’s (1997) work that shows a weak correlation of GPA to survey responses at r = 
0.180. 
A comparison of GPAs on class standing for both population and sample (See 
Appendix D) shows that there is not enough evidence at a significance level of α = 0.05 
(F = 1.98 & 1.37; p-values = 0.1179 & 0.2687 respectively) to determine that they are 
different. In other words, freshmen to seniors have approximately the same mean GPA in 
both the population and sample groups. Also, stratifying the data by class standing and 
then comparing GPAs between population and sample groups lacks evidence at a 
significance level of α = 0.05 to determine that they are different (See Appendix E). The 
stratified comparison lacks power compared to the overall population to sample 
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comparison but demonstrates that our population and sample mean GPAs are statistically 
similar by class standing with p-values ranging from 0.094 to 0.667. 
Learning Styles 
The majority of students, 69 (89.6%), identify as having a single learning style 
preference with a maximum score in only one category, only 8 (10.4%) students identify 
as having dual learning style preferences (bimodal) with a maximum score in two 
categories, and none of the students had equal scores in all three categories (multimodal). 
NfCSM students are primarily visual learners, 43 (55.8%), followed by auditory learners, 
19 (24.7%), with significantly fewer being Kinesthetic learners, 7 (9.1%), and the rest, 8 
(10.4%) bimodal (See Figure 2). 
 
Figure 2  
Learning style preferences of construction science and management students. 
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Clemson NfCSM student results are similar to criminology students and English 
as a foreign language students, but they are significantly different from those of Medical 
and Nursing students. Clemson NfCSM students and Criminology students took the same 
self-assessment test, and others took different self-assessment tests, which might explain 
the similarities and differences. All studies that reported bimodal and multimodal results 
had roughly the same frequency except for nursing students with approximately three 
times the rate of other studies. Adults with learning difficulties appear to be an outlier 
with a more balanced distribution of learning styles. The results of the other learning 
style studies mentioned above are summarized in Table 2. 
Table 2  
Comparison of learning styles between different types of students4. 
 
 
4 Sources for table data are: CRIM (Tudy & Tudy, 2014), EFL (Gilakjani, 2012), LDIFF (Lisle, 
2007), MED (Anbarasi et al., 2015), NUR (Fearing & Riley, 2005) 
CSM CRIM EFL LDIFF MED NUR
V 56% 54% 55% 33% 24% 7%
A 25% 20% 35% 33% 42% 14%
K 9% 6% 10% 23% 21% 46%
VA 5% 3% 4%
AK 3% 3% 14%
VK 3% 3% 14%
BM 10% 10% 13% 32%
MM 1%
BMM 10% 10% 10% 13% 32%
CSM Clemson Univerisity, CSM students
CRIM Criminology students
EFL English as a foreign lanaguage students
LDIFF Adults with learning difficulties
MED Medical & surgical students
NUR Nursing students
V-Visual, A-Auditory, K-Tactile/Kinesthetic
BM-Bimodal, MM-Multimodal, BMM-Bi & Multimodal
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Learning Style and GPA 
The preferred learning style of an NfCSM student does not appear to have an 
impact on the students’ overall GPA. An analysis of variance (ANOVA) with the 
preferred learning style as the independent variable and GPA as the dependent variable 
shows that there is not enough evidence at a significance level of α = 0.05 to conclude the 
GPAs are different among the different learning styles (F = 1.19, p-value = 0.322) (See 
Appendix F). The small bimodal sample sizes of N = 2 to 4 do not appear to affect equal 
variance among the samples, as evidenced by Levene’s test for homogeneity (F = 0.25, p-
value=0.864). Each student was assigned to one or more of the primary learning styles of 
visual, auditory, and kinesthetic, based on the maximum value between the students’ 
three scores to alleviate issues that such small sample sizes may create for Pearson 
correlation analysis. When a maximum value was equal for two learning styles (bimodal), 
the student was assigned to both. This data manipulation reduces variance among the 
three main learning styles as evidenced by Levene’s test for homogeneity (F = 0.07, p-
value = 0.934) and increases the evidence that the means between the three learning 
styles are equal (F = 0.79, p-value = 0.459) (See Appendix G). 
Next, several Pearson correlation models were run on the data to determine if 
correlations exist between student learning style scores, raw and normalized, and GPAs. 
These correlations are positive if GPA rises with an increasing learning style score, and 
negative if GPA falls with an increasing learning style score.  
A GPA correlation to raw learning style scores for all students in each learning 
style category resulted in a weak positive correlation to the visual score (r = 0.333 at p-
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value = 0.002) and negligible results for the auditory and kinesthetic scores (r = 0.044 & 
0.074 respectively). A GPA correlation to normalized learning style scores resulted in 
weaker correlations than those using raw learning style scores (See Appendix H). 
The students were stratified based on their preferred learning style (maximum 
score in a learning style category), with bimodal students being included in two 
categories. The learning style categories were then analyzed separately for correlations 
between GPAs and student learning style scores. For example, visual students were 
analyzed on their GPA correlation to their visual, auditory, and kinesthetic raw and 
normalized scores, and the analysis was repeated for auditory and kinesthetic learners. 
Visual learners have weak positive correlations between their GPAs and raw scores in 
every category. Auditory learners had a weak but positive correlation between their 
GPAs and raw scores for visual and auditory learning styles and weak negative 
correlation to their kinesthetic score. Kinesthetic learners have a strong correlation 
between their GPAs and their raw visual score (r = 0.794, p-value = 0.004), a medium 
negative correlation to their raw auditory score (r = -0.538, p-value = 0.088), and a weak 
negative correlation to their raw kinesthetic score (r = -0.357, p-value = 0.281). Using 
normalized learning style scores instead of raw scores changes the correlations little for 
the visual and auditory learners and strengthens the kinesthetic learners’ correlations (See 
Appendix I). 
Various transformations of the data were performed to determine if stronger 
correlations could be detected, but none were. Transformations on GPA, raw learning 
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style score, and normalized learning style score were analyzed using logs, squares, 
inverse values, square roots, and inverted square roots (See Appendix J). 
Interactions of scores were examined for effects by setting the learning style 
scores to distinct levels through rounding for normalized scores and truncating for raw 
scores. Each interaction test showed significance, but none were consistent or 
meaningful. For example, the interaction of auditory and kinesthetic (F = 4.23, p-value = 
0.018) on GPA shows that as the auditory score rises, GPA rises with a low or high 
kinesthetic score but falls with a medium kinesthetic score (See Appendix K). 
Course Modality 
The predominant teaching modality in NfCSM courses is a lecture with 
PowerPoint followed by other methods, whiteboard, and lightboard. The NfCSM students 
and instructors rated the frequency of these modalities independently, and there is not 
enough evidence at a significance level of α = 0.05 to indicate that their frequency ratings 
differ. In other words, instructors and students agree on the teaching modalities. The 
amount of use of the various modalities is 62% for PowerPoint, 24% for whiteboard, 8% 
for others, and 6% for lightboard. Some of the other methods mentioned by students are 
software, drawings, demonstrations, guest speakers, and handouts (See Figure 3). 
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Figure 3  
Course modality as perceived by students (left) and instructors (right). 
      
 
Teaching Practices 
Lecture, as mentioned previously, is the dominant teaching practice for NfCSM 
courses followed by working problems, questions and answers, discussion, and 
demonstrations. The students and instructors rated the use of these practices 
independently, and there is not enough evidence at a significance level of α = 0.05 to 
indicate that the perceived use of these practices differs between students and instructors, 
except for questions and answers. Students determined questions, and answers were used 
as a teaching practice 15% of the time, and instructors estimated it at 23%. 
Out-of-Class Work 
The analysis of work required outside of class produced some interesting results. 
Unlike course modality and teaching practices, work outside of class is student dependent 
and, therefore, varies greatly between students and classes. There was a significant 
disparity between the time instructors felt was required for out-of-class work, and the 
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time students reported doing work out-of-class. The survey asks about time for reading 
textbooks, reading other material, watching video lectures, working on individual 
projects, and working on group projects. In addition to comparing the responses between 
students and instructors, a frequency table was created to evaluate the data over time to 
determine changes over the last several years. Each of the categories are addressed 
below.  
Reading Textbook 
Instructors estimated that there is no out of class time required for reading a 
textbook for 22% of the classes, less than an hour per week for 39% of the classes, 
between one to three hours per week for 39% of the classes, and never more than three 
hours a week. The instructors’ estimate of time reading a textbook out of class is in sharp 
contrast to what the students estimate. The students do not read textbooks for 48% of 
their classes, less than an hour per week for 22% of their classes, between one and three 
hours for 25% of their classes, and over three hours for 5% of their classes (See Figure 
4). There is no indication that the amount of time spent on reading textbooks outside of 
class has changed over the last several years. 
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Figure 4  
Hours per week reading a textbook as perceived by students (left) and instructors (right). 
         
 
Reading Non-textbook 
The difference between the instructors’ estimate for non-textbook reading outside 
of class and student practices have similar results as those revealed for reading textbooks. 
Instructors estimated that there is no additional reading for 45% of the classes, less than 
an hour per week for 33% of the classes, and between one to three hours per week for 
22% of the classes. Students, on the other hand, spend no time on additional reading for 
52% of their classes, less than an hour a week for 25% of their classes, between one to 
three hours per week for 18% of their classes, and more than three hours per week for 5% 
of their classes (See Figure 5). There is no indication that the amount of time spent on 
non-textbook reading outside of class has changed over the last several years. 
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Figure 5  
 
Hours per week reading material other than a textbook as perceived by students (left) and 
instructors (right). 
        
Required Video 
Instructors estimated that there is no out of class time necessary for required 
videos for 50% of their classes, less than an hour per week for 39% of their classes, 
between one to three hours per week for 5.5% of their classes and more than three hours 
per week for 5.5% of their classes. Again, students spend much less time than the 
instructors’ estimate. Students spend no time on required videos for 72% of their classes, 
less than an hour a week for 12% of their classes, between one and three hours per week 
for 7% of their classes and more than three hours a week for 8% of their classes (See 
Figure 6). The frequency in the amount of time spent per week on required video appears 
to be consistent over the years except for one course. The frequency analysis for 
Structures I shows a significant increase in time spent watching required videos. The 
frequency change corresponds to a shift in modality from traditional lectures to a flipped 
classroom. 
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Figure 6  
 
Hours per week watching videos as perceived by students (left) and instructors (right). 
        
 
Individual Projects 
Instructors estimated that there is no out of class time required for individual 
projects for 17% of their classes, less than an hour a week for 44% of their classes, and 
between one and three hours a week for 39% of their classes. The time outside of class 
that students spend on individual projects is quite different from their instructors’ 
estimates. Students spend no time outside of class on individual projects for 53% of their 
classes, less than an hour a week for 16% of their classes, between one and three hours a 
week for 19% of their classes, and over three hours per week for 12% of their classes 
(See Figure 7). The frequency in the amount of time spent per week on individual 
projects appears to be consistent over the years except for one course. The frequency 
analysis for Emerging Technologies shows a slight increase in the time spent working on 
individual projects outside of class. 
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Figure 7  
 
Hours per week working on individual projects as perceived by students (left) and  
instructors (right). 
        
 
Group Projects 
Instructors’ estimates and students’ responses to time spent on group projects are 
the most aligned when compared to other outside of class activities. Instructors estimated 
that there is no out of class time required for group projects for 44% of their classes, less 
than an hour a week for 22% of their classes, between one to three hours a week for 28% 
of their classes, and over three hours for 6% of their classes. Students spend no time 
outside of class on group projects for 54% of their classes, less than an hour per week on 
13% of their classes, between an hour to three hours a week for 18% of their classes, and 
more than three hours per week for 16% of their classes (Figure 8). There is no indication 
that the time spent on group projects outside of class has changed over the last several 
years. 
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Figure 8  
 
Hours per week working on group projects as perceived by students (left) and instructors (right). 
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CONCLUSION AND RECOMMENDATIONS 
 
Developing best practices for construction management online education at 
Clemson University that meets the needs of the students and enhances learning is an 
important endeavor. This research sought to find best practices in the literature, 
understand the students' preferred learning styles, determine if the learning styles affect 
learning, and determine if existing course requirements are perceived equally between 
instructors and professors. To accomplish these goals, the researcher examined the 
literature for the latest research on practices that have an evidence-based effect on 
learning, surveyed the NfCSM students on their learning style preferences, examined 
those preferences to determine if they affect GPA, and compared NfCSM students’ and 
instructors’ opinions on how courses are taught and the amount of work required outside 
the classroom.  
The examination of preferred learning styles allows us to determine if there is a 
connection between students’ preferred learning style, teaching modality, and grades. A 
dominant preferred learning style and a strong correlation to grades based on teaching 
modality could suggest a need for an adjustment in teaching modality. This research 
found no evidence that the students’ preferred learning style has an impact on student 
learning based on GPA correlation. These data analyses support the finding of Pashler et 
al., (2008, p. 105) that states, “. . . at present, there is no adequate evidence base to justify 
incorporating learning styles assessments into general educational practice.” The strong 
positive correlation of kinesthetic learners’ visual score to GPA may have more to do 
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with the small sample size of kinesthetic learners than it does with cause, and most 
courses are already visually dominant in their teaching modality. Despite the lack of 
statistical evidence that learning styles theory affects learning, it is incorporated into good 
course design through the Universal Design for Learning framework which, while 
solving for students with disabilities access problems, “. . . include[s] a range of options 
for accessing, using and engaging with learning material – recognizing that no single 
option will work for all students” (Hitchcock et al., 2002). 
This research shows that students and instructors view course modality and 
teaching practices the same, except for the level of in-class questions and answers. 
Instructors believe that question and answer sessions occur significantly more often than 
students believe. Students may have a distorted view of the time spent because the 
amount of time an individual student spends actively engaged in a question and answer 
session is a fraction of the time the instructor is engaged. Jones (2007) provides some 
insight into why students might not participate in group discussion or question and 
answer sessions that include dominant students, students that lack a strong opinion, 
students that do not want to disagree, and students that lack confidence in expressing 
their thoughts. The Community of Inquiry framework explains that learning occurs 
through interaction (Garrison et al., 1999), therefore, in the next section, we will discuss 
several best practices that encourage interaction and solves for the problems mentioned in 
this section. 
For out-of-class work, students report doing much less work than their instructors 
perceived. Students have a more significant percentage, 56% on average, of classes 
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where they do no out-of-class work compared to the instructors’ view that this should 
occur in only 36% of the classes on average. These numbers appear to be driven by 
students spending no time on out-of-class work for classes instructors estimated that less 
than an hour would be spent. At the other end of the scale, some students appear to be 
spending more than three hours on out-of-class work when instructors believe that one to 
three hours was appropriate. Berry et al. (2010) had similar findings in their research on a 
finance course, that there is a lack of reading among college students. In the next section, 
we will discuss several best practices that encourage students to complete the required 
reading assignments and other out-of-class work. 
34 
BEST PRACTICE RECOMMENDATIONS 
Overview 
The best practice recommendations outlined below come from prior research and 
evidence-based recommendations provided by a Clemson University instructional 
strategist. The reader is encouraged to review referenced material for more information 
on specific suggestions. This paper has an online course focus, but many of the strategies 
described below are transferable to other course modalities.  
The Community of Inquiry framework is an essential element in the creation and 
delivery of an online course (Garrison et al., 1999). The framework states that teaching, 
social, and cognitive presences create an interactive environment for an online course 
which is essential for an effective educational experience (Garrison et al., 1999). Creating 
a teaching presence begins with good course design and development  (Duquesne 
University, 2019). Course design that includes group projects, discussions, and other 
opportunities for students to engage with one another create a social presence (Cui et al., 
2013). Cognitive presence occurs when the students can reflect on the material and 
communicate with others to construct and confirm meaning (Garrison et al., 1999). 
Course Development 
Determine best course of action 
Best practices begin by knowing yourself and where you are in the process of 
teaching a course. For example, were you just hired and the course starts in a week? Are 
you a tenure track professor that has been teaching the same course for five years? The 
best practice for you depends on your experience teaching, your experience with the 
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material, and your experience with the course that you will teach. In the first scenario, a 
new instructor starting a course in a couple of weeks, the best practice is to get the course 
material from a prior successful instructor, stick to their proven course plan, and be 
prepared to make modifications that work for your teaching style (Marbach-Ad et al., 
2013). In situations where you are inexperienced and there is little time to understand the 
material to be covered, much less restructure it, you should proceed with the status quo. 
You can augment the material with your unique experiences as you go. Keep good notes 
as you teach because they will be invaluable as you redesign the course. As you gain 
experience or already have the experience, the following best practices will guide you in 
preparing and teaching an online construction management course that optimizes 
learning. 
Read ENCORE 
ENCORE is Clemson University’s online course certification checklist based on 
evidence-based practices that meets Federal and other compliance guidelines (Clemson 
Online, 2019). Familiarity with ENCORE before starting course development will help 
you make informed initial decisions and limit rework. 
Document the course goals 
Pelt (2019) recommends beginning a course design with broad goals that 
articulate the things you want students to “understand or appreciate after completing the 
course.” The broad goals ground the purpose of the course and help guide the rest of the 
course development process. Commit to the course goals by documenting them with 
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concise statements. Course goals will often be more detailed than a course description but 
less detailed than the learning outcomes5. 
Develop learning outcomes 
Garrison et al., (1999) says that the first step in developing a course is the “. . . 
design of the educational experience” that “. . . includes the selection, organization, and 
primary presentation of the course content.” Mctighe & Wiggins (2012) recommend 
starting with a “Backward Design” as part of their Understanding by Design (UbD) 
framework.  Garrison et al., (1999) and Mctigh & Wiggins (2012) ideas work together to 
begin the process of creating a teaching presence through course design. The three stages 
to a backward design are identify desired results, determine assessment evidence, and 
plan learning experiences and instruction (McTighe & Wiggins, 2012). It is the first of 
these three stages that is the critical next step.  
Think about the desired results as long-term goals that are measurable or 
observable and focus on student performance (Pelt, 2019). McTighe & Wiggins (2012) 
suggest that long term goals demonstrate transference, the ability to use learning in other 
areas. Take, for example, a learning outcome from the CSM 2040 Syllabus (Clemson 
University, 2019b), “Read and interpret a complete set of construction drawings.” In this 
example, the learning outcome is measurable but lacks transference because it does not 
indicate how the learning can be used other than to read and interpret. A modification to 
the learning outcome accomplishes transference as this example demonstrates, “Read and 
 
5 Outcomes are the measurable expectations of what students will be able to achieve or accomplish 
and objectives are the purpose and goals and focus on content and skills (Rensselaer Polytechnic Institute, 
2019). 
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interpret a complete set of construction drawings to be used later for creating estimates, 
schedules, and managing the construction process.” Estimating, scheduling, and project 
management are not learning outcomes in CSM 2040 but there are ways to measure a 
student’s ability to read and interpret drawings that will be used later to accomplish these 
goals. For example, the student’s ability to determine dimensions, materials, and details 
of drawing elements is one such way. 
Use the learning outcomes to explain how students will meet the course goals 
(Pelt, 2019) and number them. Each outcome must use action verbs to describe student 
abilities after completing the course, be measurable, and focus on performance (Pelt, 
2019). The Dr. Kristine Webb College of Education and Human Services (2019) 
compiled a helpful resource for developing learning outcomes that include examples and 
a list of action verbs for each level of learning in Bloom's Taxonomy (See Appendix L).  
Develop assessment evidence 
McTighe & Wiggins (2012), in their backward design methodology, recommend 
that assessment consideration preceed lesson design with a clear link between assements 
and learning outcomes. Document ways that students can demonstrate an understanding 
of the learning outcomes with a focus on performance tasks that require students to apply 
and transfer their learning. (McTighe & Wiggins, 2012). McTighe & Wiggins (2012) 
emphasize that daily lessons help develop the knowledge and assessments to evaluate 
performance. Assessments in the form of quizzes, tests, observations, and work samples 
are also used to evaluate understanding. (McTighe & Wiggins, 2012).  
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The two broad categories of assessment are formative and summative. McCarthy 
(2017) says that formative assessments are used to monitor student learning and provide 
feedback, and are not graded, yet multiple studies demonstrate homework, graded for 
accuracy as opposed to completeness, increases both completion rates and exam scores 
(Young et al., 2016; Galyon et al., 2015; Gaylon et al., 2013). Summative assessments 
are used to measure student learning for a unit of study and overall course, often in the 
form of an exam, final, presentation, project, paper, etc. (McCarthy, 2017). Lau (2016) 
reviews the debate on assessment, formative and summative, and concludes with the 
advice that they should work together and with the overall learning and teaching 
environment. 
Develop course modules 
Course modules are used to group related learning activities and assements. 
(Clemson Online, 2020). The modules contribute to learning as identified in the learning 
outcomes, but they do not need to follow the same order, nor do they need to correlate 
one-to-one. One module, for example, may touch upon several learning outcomes, and 
another module may overlap on some of the same learning outcomes. Picciano (2017) 
suggests that each module contains the elements of content, dialectics, reflection, 
collaborative learning, and evaluation. Clemson Online (2020) recommends that each 
module structure include an introduction, content, assessment activities, and conclusion. 
When appropriate, subdivide modules into lessons that have the same structure as a 
module (Clemson Online, 2020). 
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Start the module creation with an idea of what the module will accomplish and 
think about what the module title could be as you develop the module. Each module is 
like a miniature course in that it has module learning outcomes. Develop the module 
learning outcomes as you did for the course learning outcomes with action verbs and 
measurable or observable goals. For example, you decide to include a single class module 
to cover the course introduction titled “Getting Started.” A learning outcome in this 
module could be “Describe how to get help when needed.” The module outcomes are 
specific compared to the general course outcomes (Pelt, 2019). 
Develop a course plan template 
Begin creating the module activities and assessments by using a tabulated outline 
or table, one for each module in your course, that includes the activity/assessment title, 
type, related course outcome number, and module outcome number (Pelt, 2019). Each 
activity and assessment must tie back to both a module outcome and course outcome, 
except for the introduction module. See Figure 9 for an example of an outline but note 
that a typical module will often have five to ten activities. 
Figure 9  
Module level outcome table.
Title 
Activity/Assessment 
Type 
Activity/Assessment 
Course Outcome Module Outcome 
Define Project Delivery Group Project Formative  7, 9 3 
Exam #2 & Final Exam Summative 7 - 9 1 - 6 
 
Note. Adapted from Online Course Plan Template, by A. Pelt, 2019, Clemson, SC: 
Clemson University. 
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Organize instructional material 
Instructional material comes from many sources and in various formats. Some 
examples of instructional material are assigned reading, PowerPoint slides, narrated 
PowerPoint slides, instructional videos, informational videos, software, internet sites, 
quiz questions, and other information. You will use the instructional material later to 
create content in the learning management system. The more organized your instructional 
material is within your computer file system, the more efficient you will be at creating 
content within the learning management system. 
Store content files within the LMS file system with the publish setting of “Not 
visible in student files.” The “not visible” setting will prevent the students from accessing 
the files from the file structure, but permit the students to access the content through 
page, module, quiz or assignment links. Create separate folders within the LMS file 
system for folders and files that you want to be accessible to the students directly through 
the LMS file link. 
Create content 
Content creation is the process of assembling the instructional material into 
instruction, assignments, quizzes, discussions, etc. Create pages to deliver this content to 
the student, and organize the pages within modules. Consider the revised Bloom's 
Taxonomy, class time, and out-of-class time, group work, individual work, accessibility,  
etc. when collecting or developing instructional material. The revised Bloom's Taxonomy 
lists, in “increasing cognitive complexity,” the cognitive processes to learning as 
remember, understand, apply, analyze, evaluate and create (Center for Excellence in 
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Teaching and Learning, 2019). Krathwohl (2002) explains that the higher the cognitive 
complexity, the more important the educational outcome.  
Create each assignment, quiz, and discussion within the LMS and include dates 
for due, available, and until to control when students may access these elements. Set 
release dates for modules to control course timing and hide the “pages” link within the 
LMS navigation to prevent students from accessing content before it is released. Develop 
rubrics for assignments within the LMS to provide students with clear expectations on 
assignments while also giving instructors a more effective way of providing feedback 
(Martin et al., 2019).  
Consider using different LMS add-in applications (apps) and features to deliver 
course content. Use Perusall for example, to encourage collaborative reading and 
analysis, Flipgrid for short video presentations, discussions and comments, and Harmony 
for multi-media knowledge building. The list of available LMS add-on applications is 
extensive. The use of different applications and various ways of presenting content also 
provide more options for students with disabilities (Dell et al., 2015).  
Create the course in the Learning Management System (LMS) 
Course creation begins with the modules. Add new modules and enter the titles 
from your Course Plan Template. It might help to think of the course modules as chapters 
in a book. Next, you will create pages to place in the modules. Start by creating one page 
that has a look and feel that you want for the course and then copy that page to create 
other pages. You might want to start by creating a few templates that you can use for 
different purposes throughout the course. Pages should be consistent on all aspects of the 
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design such as placement of elements, fonts, videos and pictures. Tables used to format 
content are not recommended because of accessibility issues, particularly screen readers 
(Leporini & Paternó, 2004).   
Pages pull together a unit of study by combining text, video, pictures, links, 
assignments, quizzes, and other material. The page is an efficient way for the student to 
access all elements of the unit of study because they do not have to navigate to other 
areas in the LMS to access the additional content. The LMS provides tools for page 
creation that will link to all other elements within the LMS for the course. Including 
everything on pages also reduces the navigation links that are necessary on the LMS site 
for the course. 
Create a course landing page 
A course landing page is like a cover of a book. It sets the tone for the course, 
provides navigation buttons to key elements, and should include a picture of the 
instructor to let the students know there is a real person that is responsible for their 
learning, an important aspect in establishing a teaching presence. At a minimum, one 
button should start the course and take the students to the first learning page, and another 
button should take the students to a page that introduces the instructor, which can 
combine text, pictures, and video. You might also consider adding navigation buttons for 
course modules, calendar, or other important course elements. 
Disable unnecessary LMS navigation menus 
Navigation within a course can be confusing for students, especially when the 
default navigation links are active even when they are not being used. Disable 
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functionality that is not necessary or redundant. For example, pages may be disabled if 
the pages are included in modules or linked to other pages. Quizzes and assignments may 
be disabled if the quizzes and assignments are included in pages. The syllabus link also 
provides a complete list of all course assignments and quizzes that count towards a grade 
for the course. Practice assignments and quizzes are not included on the syllabus page 
and must be included in pages if quizzes and assignment links are disabled.  
Course delivery 
Course delivery is more than releasing modules, assignments, quizzes, 
discussions, and other material created during the course design and development phases, 
because these things will occur automatically for a properly prepared course. Course 
delivery is the instructor’s active participation to facilitate learning, engagement, and 
motivation throughout the course by establishing teaching, social, and cognitive 
presences (Purdue University, 2018). 
Duquesne University (2019) explains that establishing a teaching presence begins 
with good course design and development and continues through course delivery with 
online discourse and direct instruction. An instructor has multiple channels that they can 
use for online discourse such as discussions, announcements, assignment feedback, group 
assignment facilitation, video updates, and email responses (Martin et al., 2018). Each of 
these channels is an opportunity to demonstrate your presence in a meaningful way while 
also encouraging students to engage with each other to create a social presence. 
Purdue University’s (2018) Repository for Online Teaching and Learning offers 
several ideas for establishing the COI presences. For social presence, they recommend 
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virtual ice breakers at the beginning of a course for students to get to know each other 
and the instructor. Other recommendations are an environment where students can share 
experiences and ideas and collaborative projects. These suggestions allow the students to 
interact with one another and provide a social presence in an online environment. 
Cognitive presence occurs when students can construct personal meaning and 
confirm mutual understanding through the learning process. (Garrison et al., 2019). 
Providing students an opportunity to reflect on the material and communicate with others 
to construct and confirm meaning is one way to achieve cognitive presence (Garrison et 
al., 1999). Create opportunities for reflections through discussions and videos. 
Conclusion 
Automation in an LMS has the potential to dramatically reduce an instructor’s 
time required for an online course. COI research shows that the instructor must continue 
to engage in an online course because to do otherwise will reduce the interaction that 
research has shown increases student satisfaction and learning (Richardson et al., 2012). 
While the sequence of modules, assignments, quizzes, discussions, etc. for a course are a 
function of a properly configured LMS, the instructor’s sequencing of engagement is 
independent of the LMS. Course success relies on the instructor to engage frequently 
throughout the course to achieve the desired COI outcome.  
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Appendix A  
Self Assessment Survey 
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Appendix B 
Course Methodology Survey 
The following survey was constructed in Qualtrics and used logic to develop and 
present questions as explained in the Description / Logic column in the table below. 
Question Description / Logic 
Which of the following courses have you 
taken or are currently taking? Select all 
that apply. 
A list of all Construction Science and 
Management Courses 
Which semester did you take or are 
currently taking [COURSE]? 
A list of semesters from Fall-2014 to 
Spring-2019. Logic looped through a 
selection of courses to replace 
[COURSE]. 
Over the semester, what percent of your 
professor's time in the classroom is spent 
doing the following? (The sliders do not 
have to sum to 100%. Think of them as 
being relative to one another) 
Sliders with a range from 0 to 100. One 
slider each for Lecture, Question and 
Answer, Discussion, Working through 
problems, and Demonstrations. Logic 
loops through each course selected from 
the first question. 
What tools did your professor use to help 
teach this course? (The sliders do not have 
to sum to 100%. Think of them as being 
relative to one another) 
Sliders with a range from 0 to 100. One 
slider each for PowerPoint, Whiteboard, 
Lightboard, and Other. Logic loops 
through each course selected from the first 
question. 
What other tools did your professor use? Logic presents this question when the user 
selected “Other” from the previous 
question and allows for text entry. 
Which of the following applies to this 
course for work outside of the class?  
For each of the following items, the user 
could select 0, <1 hour, > 1 & < 3 hours, 
and > 3 hours. Items: Required textbook 
reading, Required handout or other 
reading, Required video lecture, 
Individual projects, Group projects. Logic 
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loops through each course selected from 
the first question. 
Can a graduate student teach this class? Options: Yes, Maybe, No. Logic, if the 
user selects Maybe, a question asks the 
user to explain. 
Briefly describe what occurs in the lab? 
("Continue lecture," "Practical exercises," 
"Demonstrate problem solutions," . . . 
Fill in the blank question. Logic: This 
question appears only for courses selected 
that include a lab. 
Can a graduate student oversee the lab? Options: Yes, Maybe, No. Logic, if the 
user selects Maybe, a question asks the 
user to explain. 
What would you like to change or do 
differently? 
Fill in the blank 
What resources do you need that are not 
currently available? 
Fill in the blank 
Thank you for taking the time to complete 
this survey. You may return to any page 
to change your answers at this time by 
using the Previous button. Once you click 
the next page button below, your survey 
answers will save and no longer be 
editable. 
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Appendix C  
Population to Sample GPA Comparison 
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Appendix D  
Comparison of GPAs on Class Standing 
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Appendix E  
Comparison of GPAs Between Population and Sample on Class Standing 
55 
56 
 
57 
 
58 
 
59 
 
60 
 
61 
 
62 
Appendix F  
 
Comparison of GPAs Between Learning Styles Including Bimodal Learners 
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Comparison of GPAs Between Learning Styles with Bimodal Learners Classified in One 
or More of the Three Major Groups 
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Pearson Correlation of GPA to Learning Style Scores (Raw & Normalized) 
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Appendix L  
 
Action Verbs for Learning Outcomes 
Adapted from Helpful Resources for Writing Measurable Learning Outcomes. Retrieved from UNF Faculty 
Association: https://www.unf.edu/unffa/APC/Helpful_Resources_for_writing_measurable_learning_outcomes.aspx. 
 
If you want your students to demonstrate their knowledge, use these verbs in your learning objectives: 
 
If you want your students to demonstrate their ability to comprehend, use these verbs in your learning 
objectives: 
 
If you want your students to demonstrate their ability to apply knowledge, use these verbs in your learning 
objectives: 
 
If you want your students to demonstrate their ability to analyze, use these verbs in your learning 
objectives: 
 
If you want your students to demonstrate their ability to synthesize, use these verbs in your learning 
objectives: 
 
If you want your students to demonstrate their ability to evaluate, use these verbs in your learning 
objectives: 
 
Acquire 
Define 
Distinguish 
Identify 
Label 
List 
Name 
Order 
Recall 
Recognize 
Record 
Relate 
Repeat 
Reproduce 
State 
Underline 
 
 
 
 
Classify 
Convert 
Describe 
Express 
Extrapolate 
Formulate 
Identify 
Illustrate 
Indicate 
Interpret 
Locate 
Recognize 
Report 
Represent 
Restate 
Review 
Select 
Tell 
Transform 
Translate 
Apply 
Complete 
Demonstrate 
Dramatize 
Employ 
Explain 
Generalize 
Illustrate 
Implement 
Interpret 
Operate 
Plan 
Practice 
Predict 
Prepare 
Schedule 
Sequence 
Show 
Solve 
Use 
Analyze 
Appraise 
Breakdown 
Calculate 
Catalog 
Categorize 
Classify 
Compare 
Contrast 
Criticize 
Debate 
Detect 
Determine 
Diagram 
Differentiate 
Discriminate 
Dissect 
Distinguish 
Estimate 
Examine 
Experiment 
Inspect 
Inventory 
Order 
Question 
Relate 
Solve 
Test 
Argue 
Arrange 
Assemble 
Build 
Collect 
Combine 
Compose 
Conclude 
Construct 
Create 
Derive 
Design 
Design 
Discuss 
Formulate 
Generalize 
Improvise 
Integrate 
Manage 
Modify 
Organize 
Plan 
Produce 
Propose 
Relate 
Restate 
Set up 
Specify 
Summarize 
Systematize 
Theorize 
Write 
Appraise 
Assess 
Check 
Choose 
Compare 
Conclude 
Criticize 
Defend 
Estimate 
Evaluate 
Judge 
Justify 
Measure 
Rank 
Rate 
Revise 
Score 
Select 
Summarize 
Support 
Test 
Value 
Verify 
Weigh 
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